Background: Previous studies have indicated that fat distribution is important in the development of cardiovascular disease (CVD). We investigated the association between fat distribution, as measured by dual energy X-ray absorptiometry (DXA), and the incidence of stroke. Methods: A cohort of 2751 men and women aged X40 years was recruited. Baseline levels of abdominal, gynoid and total body fat were measured by DXA. Body mass index (BMI, kg m À2 ) was calculated. Stroke incidence was recorded using the regional stroke registry until subjects reached 75 years of age. Results: During a mean follow-up time of 8 years and 9 months, 91 strokes occurred. Of the adiposity indices accessed abdominal fat mass was the best predictor of stroke in women (hazard ratio (HR) ¼ 1.66, 95% confidence interval (CI) ¼ 1.23-2.24 per standard deviation increase), whereas the ratio of gynoid fat to total fat mass was associated with a decreased risk of stroke (HR ¼ 0.72, 95% CI ¼ 0.54-0.96). Abdominal fat mass was the only of the adiposity indices assessed that was found to be a significant predictor of stroke in men (HR ¼ 1.49, 95% CI ¼ 1.06-2.09). The associations between abdominal fat mass and stroke remained significant in both women and men after adjustment for BMI (HR ¼ 1.80, 95% CI ¼ 1.06-3.07; HR ¼ 1.71, 95% CI ¼ 1.13-2.59, respectively). However, in a subgroup analyses abdominal fat was not a significant predictor after further adjustment for diabetes, smoking and hypertension. Conclusion: Abdominal fat mass is a risk factor for stroke independent of BMI, but not independent of diabetes, smoking and hypertension. This indicates that the excess in stroke risk associated with abdominal fat mass is at least partially mediated through traditional stroke risk factors.
Introduction
The World Health Organization estimated that 400 million people were obese in 2005, and the figure is expected to rise to 700 million by 2015. 1 Obesity is associated with an increased risk of developing severe diseases, such as diabetes and cardiovascular disease (CVD). 2, 3 Stroke is a major consequence of advanced CVD and frequently results in permanent physical disability, decreased autonomy, cognitive impairment, depression and death. 4, 5 Thus, studies that seek to elucidate the mechanisms linking obesity to stroke may eventually aid in the prevention of the disease.
Adiposity is regarded as a strong risk factor for CVD, and the positive association between body mass index (BMI, kg m À2 ), as a measure of general adiposity, and incident stroke is well established. [6] [7] [8] However, other studies have indicated that estimates of abdominal fat are better predictors of the risk of both myocardial infarction 9 and stroke [10] [11] [12] [13] than BMI. In contrast, fat distributed around the periphery and hips appears to counteract the atherogenic and diabetogenic effects of abdominal fat. 14 In a recent study, the ratio of gynoid fat mass to total fat mass was inversely associated with hypertriglyceridemia and hypertension. 15 Together these studies suggest that the distribution of fat, rather than the total amount of adipose tissue, is important when considering the relationship between adiposity and CVD.
The purpose of the present study was therefore to investigate the relationship between fat distribution, as measured by dual X-ray absorptiometry (DXA), and stroke incidence in a cohort of men and women from northern Sweden.
Materials and methods
The bone mineral density and fat mass database Since 1991, fat mass and bone mineral density (g cm À2 ) have been measured using DXA at the Sports Medicine Unit, Umeå University, Sweden. By the end of 2006, total body (DXA) scans have been performed on 4333 women and 2320 men. Two hundred forty subjects who experienced a stroke before the fat mass measurement were excluded from the study. Of the rest, 2013 women and 738 men could be tracked through registers, were still living in Västerbotten county at the study end point (1 January 2007) and were between 40 and 75 years old at the beginning of the study when baseline fat mass was measured. These subjects were included in the present study. The reasons for admission for DXA measurement were analyzed in the 1942 subjects admitted between 2005 and 2006. The most common causes for admission were a previous fracture (28.6%), a general fear of osteoporosis (23.1%) and previous or present oral corticoid steroid therapy (20.1%). About 15.1% were participating in research projects at the Sports Medicine Unit and were therefore not admitted due to medical conditions. Women were more commonly admitted because of a previous fracture (31.7 vs 16.5%) or a general fear of osteoporosis (26.5 vs 9.5%), whereas men were more often admitted due to previous or present corticoid therapy (28.6 vs 18% for women).
Measurements of fat mass
Total fat mass was measured using DXA (GE Lunar, Waukesha, WI, USA). Abdominal fat mass and gynoid fat mass were determined from the total body scan using the region of interest program. The abdominal region was defined as the area from the spina iliaca to 96 mm above this point. This region was defined laterally by the thorax. The gynoid fat mass was defined as the region of soft tissue from the trochanter majors to 96 mm below this point. All lateral soft tissue was included. 15 The scaling option was used and set to 200 to maximize precision. Two investigators performed all of the analyses (FT and PW). When multiple scans were performed, the earliest one was used in the study. DXA has previously been validated in adults and the elderly and has been found to be a reliable and valid method for measuring fat mass. [16] [17] [18] [19] Two different machines were used for the measurement of fat mass. From 1991 to 1998 a Lunar DPX-L (GE Healthcare Technologies, Waukesha, WI, USA) was used, and from 1998 to 2006 a Lunar-IQ (GE Healthcare Technologies) was used. The coefficient of variation in our laboratory was evaluated by scanning one person with a normal weight and height seven times in the same day. The subject was repositioned between each scan. The coefficient of variation was 1% for lean body mass and 2% for both abdominal fat mass and total fat mass when measured in a 30-year-old man with 30% body fat. The equipment was serviced regularly and calibrated each day using a standardized phantom to test machine functions and detect any drifts in the measurements. No drifts were detected during the study period. These machines were also cross-calibrated by scanning one women and one man with different fat masses in both machines on the same day. About 90% of all scans were performed by the same technician.
Identification of strokes
To quantify incident stroke events, the cohort was merged with the northern Sweden MONICA stroke database. MONICA is a project that was originally initiated by the World Health Organization in 1985 to monitor time trends concerning the risk factors for and prevalence of CVD. For this project, all strokes in subjects under the age of 75 years who were treated in Västerbotten and Norrbotten county in northern Sweden were registered and validated. 20 During the follow-up period, 91 subjects in the cohort experienced a stroke. Fourteen of these strokes were classified as hemorrhagic. As there was no significant difference in fat mass of the total body between these subtypes, both hemorrhagic and ischemic strokes were analyzed together. Background data concerning diabetes or impaired glucose tolerance (IGT), current smoking status and hypertension were obtained by merging the present cohort with files from the Västerbotten Intervention Program (VIP). VIP is a community-based observational cohort study focusing on CVD and diabetes. The study began in 1985 in the county of Västerbotten, Sweden and has been described in detail previously. 21, 22 In total, background data for at least one variable, including all cases of stroke, could be obtained for 1356 of the subjects from the present study (49%). Hypertension was defined as either the use of antihypertensive drugs or a diastolic blood pressure 490 mm Hg and/or systolic blood pressure 4140 mm Hg. Blood glucose was measured in capillary samples. IGT cutoff levels were 7.0 and 8.9 mmol l À1 of glucose for fasting, respectively, after a glucose tolerance test. Information about diabetes and smoking was obtained from a questionnaire. Those 1356 subjects whose background data were available had BMIs (25.7 vs 25.7 kg m
À2
, P40.05), total fat masses (25.3 vs 25.0 kg) and sexes (75 vs 72% women) that were similar to those 1395 subjects whose background data were not available. Data were primarily obtained through the VIP survey, and collected from most individuals at a date earlier than the first DXA measure. For those who sustained a stroke during follow-up, background data were only collected before the stroke. For those that suffered a stroke and no prior background was available through VIP, information was collected from medical records recorded before the stroke event. All these data were validated by one of the authors (PN). The study protocol was approved by the ethics committee of Umeå University.
Statistical analyses
Data are presented as the mean±s.d., unless otherwise indicated. Differences between the two groups were analyzed using Student's t-test for independent samples. The relationships Fat distribution and stroke F Toss et al between the different adiposity measures and stroke incidence were determined using Cox regression, and all results were adjusted for age. In two secondary risk analyses, adjustments were also made for BMI, IGT/diabetes, hypertension and smoking, and these adjustments were made only when complete background data were available for the subject. The study end point was the event date of stroke, the study end point (1 January 2007), the subject's 75th birthday, or the date of death according to national registers, whichever occurred first. Because of large differences in body composition and other possible interactions that might influence the results, all analyses were performed separately for men and women. Normal scores (mean cohort value for each individual/s.d. for cohort) were constructed for each adiposity variable. All statistical tests were two tailed. SPSS for PC (version 15.0; SPSS Inc., Chicago, IL, USA) was used for statistical analyses. A P-value of o0.05 was considered statistically significant.
Results
At baseline, the cohort consisted of 2013 women (mean age 57.5 ± 9.3 years) and 738 men (mean age 55.1 ± 9.0 years).
Physical characteristics, various estimates of fatness and background data are shown in Table 1 . During an average follow-up time of 8 years and 9 months, 91 stroke events occurred in the studied population. Women who sustained a stroke during follow-up were older, heavier, had higher BMIs, and had more total fat mass and abdominal fat mass than those who did not sustain a stroke (Po0.05) (Table 1a) . They also had a higher prevalence of IGT/diabetes and hypertension. Men who sustained a stroke during follow-up had a higher abdominal fat mass and a higher incidence of both IGT/diabetes and hypertension than men who remained stroke free (Table 1b) .
In the total cohort, total fat mass showed a strong relationship with gynoid fat mass (r ¼
The hazard ratios (HRs) per standard deviation increase of the different adiposity measures after adjustment for baseline age are shown in Table 2 . In women, all estimates of fatness were significantly related to an increased risk of sustaining a prospective stroke. Abdominal fat mass was the strongest predictor (HR ¼ 1.66, 95% confidence interval (CI) ¼ 1.23-2.24), and gynoid fat mass was the weakest (HR ¼ 1.33, 95% CI ¼ 1.00-1.78). In contrast, the ratio of In a second analysis, BMI and abdominal fat mass were used in the same model together with age to investigate the risk of stroke separately in men and women. In women, abdominal fat mass (HR ¼ 1.80, 95% CI ¼ 1.06-3.07), but not BMI (HR ¼ 0.90, 95% CI ¼ 0.53-1.53), was found to be still significantly associated with the risk of stroke. In men, abdominal fat mass (HR ¼ 1.71, 95% CI ¼ 1.13-2.59), but not BMI (HR ¼ 0.80, 95% CI ¼ 0.54-1.21), was found to be an independent predictor of the risk of stroke.
In a final model, the association between the different fat estimates and the risk of stroke was investigated in a subcohort consisting of 760 subjects, including 30 women and 24 men who sustained a stroke during follow-up. Complete background information was available for all subjects and the results were adjusted for age, the presence of hypertension, diabetes and smoking. In women, none of the estimates of obesity was found to be related to the risk of stroke (HR ¼ 0.93-1.27, P40.05 for all). Age and hypertension were found to predict the risk of stroke in all models (Po0.01 for all). In men, none of the estimates of obesity was found to be related to the risk of stroke after adjustment (HR ¼ 0.87-1.54, P40.05 for all). Age, hypertension and diabetes were found to predict the risk of stroke in all models (Po0.05 for all).
Discussion
We investigated the associations between different regions of adiposity, as measured by DXA, and the risk of incident stroke. In women, of the adiposity variables assessed, abdominal fat mass was found to be the strongest predictor of incident strokes. This association was independent of general adiposity but not independent of other risk factors of stroke, such as hypertension, smoking and diabetes. In men, of the adiposity variables assessed, only abdominal fat mass was associated with the risk of stroke. Together, these results indicate that fat distribution is a more important risk factor to consider in relation to stroke than general adiposity.
To date, the knowledge concerning the influence of different portions of adiposity on end points of CVD is based on inferences from studies using anthropometric estimates of fat distribution. Accordingly, the waist-to-hip ratio, waist circumference or subscapular to triceps skinfold thickness may be a better predictor of myocardial infarction and stroke than BMI. [9] [10] [11] [12] 23 To our knowledge, only one study has objectively assessed abdominal fat and investigated the association with CVD end points. In that study, Nicklas et al. 24 investigated the relationship between visceral fat, as measured by computer tomography, and incident myocardial infarction in 1116 men and 1387 women aged 70-79 years at baseline. In women, a standard deviation unit increase in baseline visceral fat increased the risk of developing an infarct by 67%. However, no relationships were observed for total fat mass or BMI, and no relationship was found between any adiposity measure and myocardial infarction in men. One other study found that the progression of aortic calcification during 8 years of follow-up was associated with baseline visceral fat, but not with BMI or total fat mass, in a sample of 316 women aged 50-76 years. 25 The features of visceral fat differ from those of subcutaneous fat. Visceral fat is suggested to be more metabolically active, causing dysmetabolism and therefore increasing the influx of free-fatty acids into splanchic circulation. 17, 26, 27 Moreover, much like endocrine organs, adipose tissue secretes cytokines, and visceral adipocytes may secrete larger quantities of proinflammatory cytokines, compared with subcutaneous adipose tissue. 28, 29 These unfavorable features of visceral obesity may contribute to the development of insulin resistance 30 and diabetes. 31 As atherosclerosis is considered to be an inflammatory disease, 32 visceral fat could accelerate the atherosclerotic process and increase the risk of end point CVDs, such as stroke, by increasing the production of proinflammatory cytokines. 33 Also, abdominal fat mass has been found to be associated with traditional CVD risk factors, such as IGT, hypertriglyceridemia and hypertension. 15 This association may at least partially explain the observed association between abdominal fat mass and stroke incidence. In the present study, this hypothesis is supported by the fact that after adjustment for hypertension and diabetes, the associations between all estimates and fatness and stroke disappeared.
The results of the present study suggest a protective effect of the ratio of gynoid fat mass to total fat mass with respect to the risk of stroke in women. Our results support earlier studies that have shown hip circumference to be independently associated with a decreased risk of diabetes, 14 Fat distribution and stroke F Toss et al CVD and death from CVD. 34 The mechanisms underlying the protective effects of gynoid and peripheral fat are unclear, although the different clinical features of gynoid fat, compared with android or upper body fat, have long been recognized. 35 In the present study, the ratio of gynoid fat mass to total fat mass showed a negative association with stroke risk in women. Our results are supported by a study in which 290 elderly women with four different obesity profiles were investigated. The obesity profiles included lean, peripheral obesity, central obesity and general obesity. 36 Interestingly, those with peripheral obesity were found to have significantly higher levels of adiponectin and lower insulin resistance, compared to those with central obesity.
In a second study, Pouliot et al. 37 showed that in 29 pre-menopausal women femoral adipose tissue lipoprotein lipase activity showed a positive association with high density lipoprotein 2-cholesterol, whereas abdominal adipose tissue lipoprotein lipase activity tended to be negatively correlated. Altogether, these results suggest that, compared with visceral adipocytes, gynoid adipocytes could decrease the risk of stroke through high lipoprotein lipase activity, effective storage of free-fatty acids and increased secretion of adiponectin, resulting in increased insulin sensitivity and a decreased risk of diabetes.
There are some limitations of the present study. The cohort was not population based, increasing the risk of a selection bias and this may affect generalizability of the results. However, demographic data, such as weight, height and BMI, are similar to the population-based cohort included in the Västerbotten Intervention Project, which is currently comprising about 75 000 subjects living in the same area in Sweden. 22 Moreover, as we have recently reported, the distributions of genetic risk markers for obesity and type 2 diabetes are similar to those in other populations, 38 indicating that our cohort was not selected on any specific genetic background. Background data on possible confounders, such as exercise, diet, alcohol consumption, lipid parameters and family history, were not available for the subjects investigated. For other background variables, data were only present for a subcohort. The strengths of the present study include that the measurements of regional adiposity were taken using an accurate and well-established method (DXA), and that the cohort originated from a single study center where measurements were taken almost exclusively by one technician during the data collection period.
Other strengths include the use of only clinically validated stroke events.
In conclusion, abdominal obesity was strongly associated with the risk of stroke in both men and women in this cohort from northern Sweden. The results also indicate that there is a protective effect of a high ratio of gynoid fat mass to total fat mass with respect to incident strokes in women. The present findings indicate that fat distribution, rather than general adiposity, is important for the risk of stroke and reinforce previous studies that have investigated the relationship between anthropometric estimates of fat distribution and end point CVD.
